
� � � � � � � � � � � �� � ��� � � � � � � � � � � �� � ��

� � � � � � �� � �� � � � � � �� � �

�	� � � � 
 � � � � � � � ���	� � � � 
 � � � � � � � ��

��� �� � �� � ������ �� � �� � ���

���� � �� �� � �� � � �� ����� � �� �� � �� � � �� �!� � "#� #$ $ %!� � "#� #$ $ %

& � !� � � � �(' ) � � � *+  �� �& � !� � � � �(' ) � � � *+  �� � !�, -� �. �!�, -� �. �� / � �0 1 �+� / � �0 1 �+



� � � 
� � � 


23 465 27 89 :; <23 465 27 89 :; < 3>= ?9 ; 4 8 @3>= ?9 ; 4 8 @

AB 3 465 A>C 9 D; 9 @AB 3 465 A>C 9 D; 9 @EE B C C FG= H 3>= ?9 ; 9 8 @B C C FG= H 3>= ?9 ; 9 8 @

IKJ 9 ?; L 8 D; M 89 5 NO C P 8IKJ 9 ?; L 8 D; M 89 5 NO C P 8EE H 9 C J = @ D; M 89H 9 C J = @ D; M 89

IKJ O QJ 9 ?; L 8 D; M 89 5 R 8 < C DIKJ O QJ 9 ?; L 8 D; M 89 5 R 8 < C DEE H 9 C J = @ D; M 89H 9 C J = @ D; M 89

S6T UC 9 7 8 G LS6T UC 9 7 8 G L D; M 89 5 IKJ O QJ 9 ?; L 8 Q M9 8; :D; M 89 5 IKJ O QJ 9 ?; L 8 Q M9 8; :

D; M 89D; M 89
V 9 C J = @ D; M 89 5 IJ O QJ 9 ?; L 8 D; M 89XWV 9 C J = @ D; M 89 5 IJ O QJ 9 ?; L 8 D; M 89XW

H 8= 89 ; < <T @ 89 G P 8 @ ?9 C : U 89 LC < ; M 8 @H 8= 89 ; < <T @ 89 G P 8 @ ?9 C : U 89 LC < ; M 8 @

U9 8 L G U G M; M G C = C 9 DG= M 89 9 8 L7 ; 9 H 8U9 8 L G U G M; M G C = C 9 DG= M 89 9 8 L7 ; 9 H 8



� �� �� �� �

S C D AB 3 4 @ ; M; G Q LC < < 8 L M 8 @S C D AB 3 4 @ ; M; G Q LC < < 8 L M 8 @

V 8C H 9 ; U 7 G L Q LC U 8 C ? QJ 9 P 8TV 8C H 9 ; U 7 G L Q LC U 8 C ? QJ 9 P 8T

AB 3 4 @ ; M; U9 C @ J L M QAB 3 4 @ ; M; U9 C @ J L M Q

Y; M; Z J ; < G MTY; M; Z J ; < G MT

[ Q 8 Q C ? AB 3 4 @ ; M;[ Q 8 Q C ? AB 3 4 @ ; M;

I 7 ; Q M; 4 G P 89 AB 3 4 9 8 QJ < M QI 7 ; Q M; 4 G P 89 AB 3 4 9 8 QJ < M Q

2 7 89 :; < U9 C L 8 Q Q 8 Q G= M7 82 7 89 :; < U9 C L 8 Q Q 8 Q G= M7 8

I 7 ; Q M; 4 G P 89I 7 ; Q M; 4 G P 89

J 8 Q M G C = QJ 8 Q M G C = Q



\^] _ `ab c^d ed f^g hi ji kd ei c\^] _ `ab c^d ed f^g hi ji kd ei c

ll mon prqs qt uov t n v w q s n urx y ut wz s {t q smon prqs qt uov t n v w q s n urx y ut wz s {t q s

s qt { w| n }t uov y uts qt { w| n }t uov y ut ~~ �r��r�~~ v y utv y ut

ll �s z � prqs {t yv s v v yo� n t u �� ��s z � prqs {t yv s v v yo� n t u �� �

z w w q u yn s }t vz w w q u yn s }t v

ll mon prqs qt u {t s v | qt {t n }v s qtmon prqs qt u {t s v | qt {t n }v s qt

z s � y � q s }t u | v yn � ynz s � y � q s }t u | v yn � yn~~ v } qt s {v } qt s {

}t {� t qs }| qt {t s v | qt {t n }v}t {� t qs }| qt {t s v | qt {t n }v

ll � } qt s { }t {� t qs }| qt v s qt {s n | s � � �� } qt s { }t {� t qs }| qt v s qt {s n | s � � �

{t s v | qt u s n uov | { {s q � v }s } yv } yz v{t s v | qt u s n uov | { {s q � v }s } yv } yz v

� t n t qs }t u p w q yn u yx y u | s � prqs {t v� t n t qs }t u p w q yn u yx y u | s � prqs {t v

ll � m � us }s �s v t yv z qt s }t ur� y } �� m � us }s �s v t yv z qt s }t ur� y } �

v � s } ys ��� } �t q {s ��� s n u w } �t qv � s } ys ��� } �t q {s ��� s n u w } �t q

yn p w q {s } y wnyn p w q {s } y wn



Map showing the streams surveyed in the Shasta River Sub-Basin 
using TIR and color video on July 26-27, 2003. The map also shows 
the location of the in-stream sensors used to ground truth the imagery, 
labeled by river mile.



� � � � � � � ��� � � � � � � ��



!� �.� � � �� � � �� �� � � ��� � �� �  � � �  .� � 

�. �� ��  �� � ���� � �� �.� �  ' �� � � � � �� � � �

�� �� � �� � �. �� �. , �� �� � � ��� � �� � �� � �. ��

� � �� � � �  � � �� � � �� � �� �. � � � �� . � � � �� � ��� �� � � � � � � � �� � �  � � � � � � �� � � ,� �. � � � '

� w {� s q yv wn w p yn prqs qt u

s n u yn~ v } qt s {

{t s v | qt {t n }v v � w� v

t �z t � �t n }z w q qt �s } y wn��

�x t qs � t s �v w � | }t

u y p pt qt n z t � �� � ut � �

  �� ¡ ut � ¢ £

¤s }s ¥¦| s � y }�



� � � � � � �� � � � � � �

I M9 8; : M 8 : U 89 ; MJ 9 8 Q= ; U Q 7 C MI M9 8; : M 8 : U 89 ; MJ 9 8 Q= ; U Q 7 C M

3 @ 8= M G ?G L; M G C = C ? M7 89 :; < 9 8 ?J H G ;3 @ 8= M G ?G L; M G C = C ? M7 89 :; < 9 8 ?J H G ;

§; < G O 9 ; M G C = C ? Q M9 8; : M 8 : U 89 ; MJ 9 8§; < G O 9 ; M G C = C ? Q M9 8; : M 8 : U 89 ; MJ 9 8

: C @ 8 < Q: C @ 8 < Q

3 @ 8= M G ?G L; M G C = C ? QJ O QJ 9 ?; L 8 G= ? < C D Q3 @ 8= M G ?G L; M G C = C ? QJ O QJ 9 ?; L 8 G= ? < C D Q

¨ Q M G :; M G C = C ? M9 G O J M; 9 T ? < C D¨ Q M G :; M G C = C ? M9 G O J M; 9 T ? < C D

9 ; M 8 Q © U9 C UC 9 M G C = Q9 ; M 8 Q © U9 C UC 9 M G C = Q

S G H 7S G H 7 EE 9 8 QC < J M G C = ª« 5 « ¬ ¬ ¬  9 G U; 9 G ; =9 8 QC < J M G C = ª« 5 « ¬ ¬ ¬  9 G U; 9 G ; =

G :; H 89 TG :; H 89 T



i g ® ¯ egi g ® ¯ eg

2003 Shasta River Thermal Infrared Survey Results
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A spring lowered stream temperatures in the Shasta River 
from 22.5 C to 19.3 C
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Parks Creek was a source of warm water, increasing the 
mainstem temperature by 1.7 C
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Confluence of Hole in the Ground Creek (17.3 C) and the 
mainstem Shasta River (21.6 C)
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Confluence of Yreka Creek (23.4 C) and the mainstem 
Shasta River (24.2 C)
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Confluence of Shasta River (26.5 C) and Klamath River (25.8 C)
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Confluence of Parks Creek and a canal carrying cooler water.  
The inflow of the canal dictated the temperature of Parks Creek.

Flow

Pa
rk

s C
re

ek



� � � � � � Á

Â
Ã� � � � � � Á

Â
Ã



Ä f h °ÆÅ k f j hg ki i ¿ ´ Ç¸ ¹ ºÄ f h °ÆÅ k f j hg ki i ¿ ´ Ç¸ ¹ º
Flow

Pa
rk

s C
re

ek



� � 
 � � � ��� � 
 � � � ��

2 7 89 :; < G= ?9 ; 9 8 @ QJ 9 P 8T Q U9 C P G @ 82 7 89 :; < G= ?9 ; 9 8 @ QJ 9 P 8T Q U9 C P G @ 8

9 8 < G ; O < 8 7 G H 7 9 8 QC < J M G C = M 8 : U 89 ; MJ 9 89 8 < G ; O < 8 7 G H 7 9 8 QC < J M G C = M 8 : U 89 ; MJ 9 8

@ ; M; J Q 8 ?J < ?C 9 G @ 8= M G ?T G= H 9 G P 89 7 8; M G= H@ ; M; J Q 8 ?J < ?C 9 G @ 8= M G ?T G= H 9 G P 89 7 8; M G= H

; = @ LC C < G= H QC J 9 L 8 Q; = @ LC C < G= H QC J 9 L 8 Q

2 7 8 8È L7 ; = H 8 C ? QJ 9 ?; L 8 ; = @2 7 8 8È L7 ; = H 8 C ? QJ 9 ?; L 8 ; = @

QJ O QJ 9 ?; L 8 D; M 89 G Q ; = G : UC 9 M; = MQJ O QJ 9 ?; L 8 D; M 89 G Q ; = G : UC 9 M; = M

M7 89 :; < U9 C L 8 Q Q G= M7 8 I 7 ; Q M; 4 G P 89 ; = @M7 89 :; < U9 C L 8 Q Q G= M7 8 I 7 ; Q M; 4 G P 89 ; = @

M9 G O J M; 9 G 8 QM9 G O J M; 9 G 8 Q

2 7 89 8 ; 9 8 :; = T C U UC 9 MJ = G M G 8 Q MC2 7 89 8 ; 9 8 :; = T C U UC 9 MJ = G M G 8 Q MC

: G M G H ; M 8 7 G H 7 Q M9 8; : M 8 : U 89 ; MJ 9 8 Q: G M G H ; M 8 7 G H 7 Q M9 8; : M 8 : U 89 ; MJ 9 8 Q



� � � � � � � � � �É� � � � � � � � � �É

ÊÌË Í Í Î ÍÐÏ ÑÌÒ ÓÌÔÊÌË Í Í Î ÍÐÏ ÑÌÒ ÓÌÔ

ÕÖ × Ö ØÙ Ö ×ÕÖ × Ö ØÙ Ö × ÚÚ Û Ö ÜÝÛ Ö ÜÝ

Þ Í ßÒ àÞ Í ßÒ à á â ã Ï Þä áå â Ï å Ë Ïá â ã Ï Þä áå â Ï å Ë Ï æÒçæÒç

è áé Ë Ô Ê å êË ëì Ôè áé Ë Ô Ê å êË ëì Ô

ÕÖ × Ö ØÙ Ö ÜÕÖ × Ö ØÙ Ö ÜÚÚ Ý Ö Ù ãÝ Ö Ù ã

à å íË âà å íË â á â ã Ï Þä áå â Ï å Ë Ïá â ã Ï Þä áå â Ï å Ë Ï æÒçæÒç

Ù Ù Ù ×Ù Ù Ù × Îî é ïË ÔðÎî é ïË Ôð è ïç ëòñ Î Íð Ï óè ïç ëòñ Î Íð Ï ó

ÎË Ô ÍË ôÒ ÞË ñ õ ó öÙ ÷ × ÛÎË Ô ÍË ôÒ ÞË ñ õ ó öÙ ÷ × Û

ä ä ä Ïä ä ä Ï ä Ë Íð á Þ Óð ë Þ å ìð Ô åð Þä Ë Íð á Þ Óð ë Þ å ìð Ô åð Þ Ï å Ò àÏ å Ò à



° ® k ød ùi° ® k ød ùi úú g ® ûg ® k ød ùi f j ei kd ù e f] j d eg ® ûg ® k ød ùi f j ei kd ù e f] j d e

k f³² i k µ f ¯ i ¹ ük f³² i k µ f ¯ i ¹ ü



ý6þ ÿ� � ��� ���ý6þ ÿ� � ��� ��� �� �	� �
 �� � �  �� �� � �� ��� �	� �
 �� � �  �� �� � �� ��� � �� ��� � �� �



��� � �! " ù# $ � %!& ' ( ) � �+* & � $ � %!& , ü- .��� � �! " ù# $ � %!& ' ( ) � �+* & � $ � %!& , ü- .



��� � �! " ( ) � �+* & � $ � %!& , ü- /��� � �! " ( ) � �+* & � $ � %!& , ü- /



0+1 � # � 2& � ù0+1 � # � 2& � ù & ' ù 2 ( "&43 ) ( � % �! "5 � #  6 5& ' 7 2 ( "&43 ) ( � % �! "5 � #  6 5



8 2& � $ ( % �& 9;: "& ( ) � �+* & � $ � %!& , <- /38 2& � $ ( % �& 9;: "& ( ) � �+* & � $ � %!& , <- /3� : " ( � �& & = :  6!& � 9 % # >� : " ( � �& & = :  6!& � 9 % # >



� ) � ( ) � 9 � 7 ( ) � #  # 9? � " � % # : " 23� ) � ( ) � 9 � 7 ( ) � #  # 9? � " � % # : " 23

� �+* & � $ � %!& @- .� �+* & � $ � %!& @- .



� : � 9 ( 7&� : � 9 ( 7& AA 5 : B5 : � 9 ( 7& �! )& � ( 7 ) � #  ( )5 : B5 : � 9 ( 7& �! )& � ( 7 ) � #  ( )

� �+* & � $ � %!& <C - C� �+* & � $ � %!& <C - C



� ) � ( ) � 9 �!& 6 � # # % ( ) � �+* & � $ � %!& <C - C� ) � ( ) � 9 �!& 6 � # # % ( ) � �+* & � $ � %!& <C - C



�# :  6 > ( )& � ( ) � �+* & � $ � %!& < D�# :  6 > ( )& � ( ) � �+* & � $ � %!& < D



0+1 � # � 2& � 70+1 � # � 2& � 7 > ( )& � & $& � " �! " 9 �# $ ) 2&> ( )& � & $& � " �! " 9 �# $ ) 2&

9# # ) # 9 ( ) ( � % �! "5 � � %!&9# # ) # 9 ( ) ( � % �! "5 � � %!&



0+1 � # � 2& � 70+1 � # � 2& � 7 > ( )& � & $& � " �! " 9 �# $ ) 2&> ( )& � & $& � " �! " 9 �# $ ) 2&

9# # ) # 9 ( ) ( � % �! "5 � � %!&9# # ) # 9 ( ) ( � % �! "5 � � %!&


